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position, motion and/or identity across a succession of
surface proximity images, the method comprising the steps
of: tracking each touching hand part across successive
proximity images; measuring the times when each hand part
touches down and lifts off the surface; detecting when hand
parts touch down or lift off simultaneously; producing
discrete key symbols when the user asynchronously taps,
holds, or slides a finger on key regions defined on the
surface; producing discrete mouse button click commands,
key commands, or no signals when the user synchronously
taps two or more fingers from the same hand on the surface;
producing gesture commands or multiple degree-of-freedom
manipulation signals when the user slides two or more
fingers across the surface; and sending the produced sym-
bols, commands and manipulation signals as input to an
electronic or an electro-mechanical device.

[0044] To still even further achieve the objects, the present
invention comprises a method for choosing what kinds of
input signals will be generated and sent to an electronic or
electromechanical device in response to tapping or sliding of
fingers on a multi-touch surface, the method comprising the
following steps: identifying each contact on the surface as
either a thumb, fingertip or palm; measuring the times when
each hand part touches down and lifts off the surface;
forming a set of those fingers which touch down from the all
finger floating state before any one of the fingers lifts back
off the surface; choosing the kinds of input signals to be
generated by further distinctive motion of the fingers from
the combination of finger identities in the set; generating
input signals of this kind when further distinctive motions of
the fingers occur; forming a subset any two or more fingers
which touch down synchronously after at least one finger
has lifted back off the surface; choosing a new kinds of input
signals to be generated by further distinctive motion of the
fingers from the combination of finger identities in the
subset; generating input signals of this new kind when
further distinctive motions of the fingers occur; and con-
tinuing to form new subsets, choose and generate new kinds
of input signals in response to liftoff and synchronous
touchdowns until all fingers lift off the surface.

[0045] To further achieve the objects, the present inven-
tion comprises a method for continuing generation of cursor
movement or scrolling signals from a tangential motion of a
touch device over a touch-sensitive input device surface
after touch device liftoff from the surface if the touch device
operator indicates that cursor movement continuation is
desired by accelerating or failing to decelerate the tangential
motion of the touch device before the touch device is lifted,
the method comprising the following steps: measuring,
storing and transmitting to a computing device two or more
representative tangential velocities during touch device
manipulation; computing and storing a liftoff velocity from
touch device positions immediately prior to the touch device
liftoff; comparing the liftoff velocity with the representative
tangential velocities, and entering a mode for continuously
moving the cursor if a tangential liftoff direction approxi-
mately equals the representative tangential directions and a
tangential liftoff' speed is greater than a predetermined
fractional multiple of representative tangential speeds; con-
tinuously transmitting cursor movement signals after liftoff
to a computing device such that the cursor movement
velocity corresponds to one of the representative tangential
velocities; and ceasing transmission of the cursor movement
signals when the touch device engages the surface again, if
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comparing means detects significant deceleration before
liftoff, or if the computing device replies that the cursor can
move no farther or a window can scroll no farther.

[0046] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
several embodiments of the invention and together with the
description, serve to explain the principles of the invention.
In the drawings:

[0048] FIG. 1 is a block diagram of the integrated manual
input apparatus;

[0049] FIG. 2 is a schematic drawing of the proximity
sensor with voltage amplifier;

[0050] FIG. 3 is a schematic drawing of the proximity
sensor with integrating current amplifier;

[0051] FIG. 4 is a schematic drawing of the proximity
sensor implemented with field effect transistors;

[0052] FIG. 5 is a schematic drawing of the proximity
sensor as used to implement 2D arrays of proximity sensors;

[0053] FIG. 6 is a block diagram showing a typical archi-
tecture for a 2D array of proximity sensors where all sensors
share the same amplifier;

[0054] FIG. 7 is a block diagram of circuitry used to
convert proximity sensor output to a digital code;

[0055] FIG. 8 is a block diagram showing a typical archi-
tecture for a 2D array of proximity sensors where sensors
within a row share the same amplifier;

[0056] FIG. 9 is a schematic of a circuit useful for
enabling the output gates of all proximity sensors within a
group (arranged in columns);

[0057] FIG. 10 is a side view of a 2D proximity sensor
array that is sensitive to the pressure exerted by non-
conducting touch objects;

[0058] FIG. 11 is a, side view of a 2D proximity sensor
array that provides a compliant surface without loss of
spatial sensitivity;

[0059] FIG. 12 is a side view of a 2D proximity sensor
array that is sensitive to both the proximity of conducting
touch objects and to the pressure exerted by non-conducting
touch objects;

[0060] FIG. 13 is an example proximity image of a hand
flattened onto the surface with fingers outstretched;

[0061] FIG. 14 is an example proximity image of a hand
partially closed with fingertips normal to surface;

[0062] FIG. 15 is an example proximity image of a hand
in the pen grip configuration with thumb and index fingers
pinched;

[0063] FIG. 16 is a data flow diagram of the hand tracking
and contact identification system;

[0064] FIG. 17 is a flow chart of hand position estimation:



